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A t  t h e  Morgantown Energy Technology Center  (METC) of t h e  U.S. Department of 
Energy, a n  e f f o r t  is underway t o  c l e a n  h o t  coa l -der ived  gas  t o  a s u f f i c i e n t  
p u r i t y  f o r  combustion i n  h e a t  engines  and o t h e r  a p p l i c a t i o n s .  Experiments 
were conducted i n  which t h e  h o t  product  g a s ,  raw and d e s u l f u r i z e d ,  from a 
f lu id-bed  coa l  g a s i f i e r  was f i l t e r e d  a t  t empera tures  up t o  1,600°F, p r e s s u r e s  
up t o  250 p s i g ,  and f low r a t e s  up t o  2 ,500  s c f h .  P a r t i c u l a t e  and condensate  
samples were c o l l e c t e d  a t  t h e  i n l e t  and o u t l e t  of t h e  f i l t e r s  and analyzed f o r  
10 meta ls  which a r e  common c o n s t i t u e n t s  of  c o a l  ash .  The r e s u l t s  were used t o  
determine how f i l t r a t i o n  of p a r t i c l e s  from a gas  s t ream a t  h igh  tempera tures  
a f f e c t e d  metal  c o n c e n t r a t i o n s  i n  t h e  g a s .  I n  g e n e r a l ,  t h e  removal e f f i c i e n c y  
f o r  t h e  meta ls  c o r r e l a t e d  wi th  t h e  p a r t i c u l a t e  removal e f f i c i e n c y .  

I n t r o d u c t i o n  

Under t h e  Advanced Environmental  Control  Technology Program e s t a b l i s h e d  i n  
1979 by t h e  Department of Energy (11, MOKgantOWn Energy Technology Center  has  
been a c t i v e l y  engaged i n  t h e  development of technology necessary  t o  c o n t r o l  
contaminants  from c o a l  g a s i f i c a t i o n  t h a t  a r e  d e l e t e r i o u s  t o  gas  t u r b i n e s  and 
hazardous t o  t h e  environment .  A s i g n i f i c a n t  p a r t  of  t h i s  e f f o r t  has been con- 
cerned wi th  p a r t i c u l a t e  and t r a c e  m e t a l ,  p a r t i c u l a r l y  a l k a l i  m e t a l s ,  removal 
from t h e  hot  gas  s t reams.  Three hot  gas f i l t r a t i o n  devices  developed i n  t h e  
program by c o n t r a c t o r s  were t e s t e d  a t  METC t o  de te rmine  t h e i r  performance i n  
a n  a c t u a l  ho t  gas  stream produced by a s m a l l - s c a l e ,  f lu id-bed  g a s i f i e r  ( 2 ) .  
The t h r e e  devices  were a Westinghouse ceramic c ross - f low f i l t e r ,  an Acurex 
ceramic bag f i l t e r ,  and a n  e l e c t r o s t a t i c  p r e c i p i t a t o r  developed by Denver 
Research I n s t i t u t e .  D e t a i l s  o f  t h e  d e s i g n  of t h e s e  devices  and r e s u l t s  of t h e  
work t o  d a t e  have been r e p o r t e d  i n  a s e r i e s  of c o n t r a c t o r  review meetings ( 3 - 9 )  

Although t h e  p r i n c i p a l  purpose of  t h i s  s e r i e s  o f  t e s t s  was t o  measure t h e  par -  
t i c u l a t e  removal e f f i c i e n c y  of t h e  h o t  gas  f i l t e r s  a t  t empera tures  up t o  
1,850°F, they a f f o r d e d  t h e  oppor tuni ty  t o  a l s o  measure t h e  c o n c e n t r a t i o n  of 
10 m e t a l s ,  which a r e  common c o n s t i t u e n t s  of c o a l  a s h ,  i n  t h e  gas  s t ream.  Spe- 
c i f i c a l l y ,  i t  was d e s i r e d  t o  de te rmine  whether removal of  p a r t i c l e s  from a c o a l  
gas  a t  t empera tures  up t o  1,850°F would a f f e c t  t h e  downstream concent ra t ion  of  
t r a c e  s p e c i e s  of m e t a l s  such  a s  sodium and potassium. The r e s u l t s  of t h e  
experiment  a r e  r e p o r t e d  i n  t h i s  paper .  

Experimental  

The low-Btu coa l  gas  used dur ing  these  t es t s  was produced by METC's  advanced 
concepts  f lu id-bed  g a s i f i e r .  The g a s i f i e r  was des igned  t o  o p e r a t e  w i t h  a wide 
range of coa ls  a t  p r e s s u r e s  of 200 t o  1 ,000  p s i g  and tempera tures  up t o  1,900°F 
The g a s i f i e r  i s  used a s  a source  of low- t o  medium-Btu gas  f o r  use i n  t e s t i n g  
downstream components and a n a l y t i c a l  i n s t r u m e n t a t i o n .  
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During these  tests,  t h e  g a s i f i e r  was opera ted  a t  400 p s i g  wi th  Montana Rosebud 
subbituminous c o a l ,  a i r ,  and s t e a m  t o  produce a gas  of  t h e  fo l lowing  average 
composition: 

NZ: 38.0  Percent  C O z :  10.0 Percent  
H z O :  1 7 . 0  Percent  CH4: 3 .5  Percent  

Hz:  17 .0  Percent  H2S: 0 . 3  Percent  
CO: 1 3 . 5  Percent  

Approximately 300 f e e t  of  i n s u l a t e d  p i p e  s e p a r a t e d  t h e  g a s i f i e r  from t h e  
cleanup device t e s t  a r e a .  Heat loss  and p a r t i c l e  dropout  i n  t h e  p i p e  r e s u l t e d  
i n  a gas temperature  and s o l i d s  loading  t h a t  were lower than  t h a t  r e q u i r e d  f o r  
t h e  t e s t s .  Thus, a methane-f i red h e a t e r  was used t o  i n c r e a s e  t h e  tempera ture  
t o  t h e  d e s i r e d  range (1,400° t o  1 ,850°F) ,  and a p r e s s u r i z e d ,  screw-type par -  
t i c l e  feeder  was used t o  feed  p a r t i c l e s  i n t o  t h e  gas  s t ream up s t ream of  t h e  
t e s t  device .  These p a r t i c l e s  were obta ined  from a cyclone on t h e  g a s i f i e r  and 
had t h e  same composi t ion a s  t h e  e n t r a i n e d  p a r t i c u l a t e .  The r a t e  of  p a r t i c u l a t e  
a d d i t i o n  was v a r i e d  depending on t h e  amount a l r e a d y  i n  t h e  gas  and t h e  r e q u i r e -  
ments of  each t e s t .  T y p i c a l l y ,  the  added p a r t i c l e s  were approximately 10 t o  
40 p e r c e n t  of t h e  t o t a l  a t  t h e  i n l e t  of t h e  t e s t  devices .  A f t e r  e x i t i n g  t h e  
cleanup device ,  t h e  gas  was cooled t o  remove condens ib les ,  metered,  and then  
i n c i n e r a t e d .  

T e s t s  conducted wi th  t h e  Westinghouse and Acurex f i l t e r s  l a s t e d  250 hours  each.  
The t e s t  of t h e  D R I  e l e c t r o s t a t i c  p r e c i p i t a t o r  was te rmina ted  a f t e r  approxi-  
mately 50 hours  because of  a mechanical f a i l u r e .  During 50 hours  of  t h e  Acurex 
f i l t e r  t e s t ,  t h e  c o a l  gas was d e s u l f u r i z e d  p r i o r  t o  p a r t i c u l a t e  removal. This  
was accomplished u s i n g  M E T C ' s  ho t  gas  d e s u l f u r i z a t i o n  u n i t  which uses  a z i n c  
f e r r i t e  (ZnFep04) s o r b e n t  t o  remove gaseous s u l f u r  s p e c i e s .  This  d e v i c e  t y p i -  
c a l l y  removes g r e a t e r  than  99 p e r c e n t  of t h e  s u l f u r  i n  t h e  gas  and produces 
gas s t reams wi th  s u l f u r  c o n c e n t r a t i o n s  of l e s s  t h a n  10 ppm ( 8 ) .  The configu-  
r a t i o n  of  t h e  v a r i o u s  components of t h e  t e s t  system a r e  shown i n  F i g u r e  1. 

P a r t i c u l a t e  sampling probes  were p o s i t i o n e d  a t  v a r i o u s  p o i n t s  i n  t h e  system t o  
c h a r a c t e r i z e  t h e  performance of each device .  To measure t h e  s o l i d s  loading  of 
the  gas produced by t h e  g a s i f i e r ,  a sampling probe was p laced  i n  t h e  gas  l i n e  
a f t e r  t h e  primary cyc lone .  Sampling probes were i n s t a l l e d  b e f o r e  and a f t e r  t h e  
hot  gas  d e s u l f u r i z a t i o n  u n i t  t o  determine i f  t h i s  device  removed p a r t i c l e s  from 
t h e  gas  s t ream o r  i f  z i n c  f e r r i t e  bed m a t e r i a l  was be ing  l o s t  by a t t r i t i o n .  

The d a t a  repor ted  h e r e  were c o l l e c t e d  a t  t h e  i n l e t  and o u t l e t  of t h e  p a r t i c u l a t e  
removal t e s t  devices .  The i n l e t  probe was p o s i t i o n e d  downstream of  t h e  p a r t i c l e  
f e e d e r ,  bu t  upstream of  t h e  t e s t  d e v i c e .  The o u t l e t  sampling system was 
designed t o  f i l t e r  t h e  t o t a l  system flow e x i t i n g  t h e  t e s t  device .  

Sampling System Design 

The i n l e t  sampling probe was cons t ruc ted  of  1/4- inch s t a i n l e s s  s t e e l  tub ing  
wi th  e i t h e r  a 0.035- o r  0.049-inch w a l l  t h i c k n e s s .  The t i p  of t h e  probe  was 
beveled approximately 1 / 4  inch .  When t h e  probe was opera ted  i s o k i n e t i c a l l y ,  
approximately 3 t o  5 p e r c e n t  of t h e  t o t a l  p rocess  f low was sampled. 
was p o s i t i o n e d  i n  a process  p i p e  elbow wi th  t h e  probe t i p  approximately 6 inches 
upstream of t h e  s t a r t  of t h e  bend. 

The probe 

316 





Figure 2 shows the inlet sample line configuration. The particulate samples 
were collected using 1.37- by 3.94-inch (35- by 100-millimeter), rounded bot- 
tom, alundum ceramic extraction thimbles (Norton No. 6406). The thimbles are 
designed to withstand temperatures up to 2,600°F, and pressure drops of up to 
100 psi. The entire sampling line and gate valves were wrapped in high- 
temperature heating tapes, insulation, and a high-temperature glass cloth 
(Colombia Fiberglass). The heating tapes, controlled by digital temperature 
controllers (Omega Model No. CS4001KF), were maintained at l,OOO°F. It was 
necessary to use an alternative heating method for the thimble holders because 
of their high mass. An 8-foot by 1/8-inch heating rod (ARI Industries, Inc.) 
was coiled around the elongated section of a thimble holder by means of metal 
hose clamps. The heating rods were powered from variable autotransformers set 
at 100 to 120 volts. The gas temperature at the downstream end of the thimble 
holders was typically 350° to 400'F for the inlet samples and 700° to 800°F for 
the outlet samples. 

Approximately 30 feet of 3/8-inch stainless steel tubing separated the thimble 
holder from the flow monitoring system. This was necessary because of the 
shortage of available space in the test device area. The flow monitoring sys- 
tem consisted of a cooling coil, a condensate trap, and a flowmeter (rotameter). 
Condensate samples were collected in a 1-liter, stainless steel sampling 
cylinder (Hoke No. 8LD1000). 

The flowmeter, a temperature indicator and a pressure gauge were located between 
two 1/4-inch needle valves. By adjusting these valves, the desired flow could 
be maintained at a known pressure and temperature. After metering, the gas was 
exhausted to an incinerator. 

To take a particulate sample, the probe, gate valves, and thimble holder were 
first heated for 1 hour. Just prior to starting sample collection, the probe 
was purged with nitrogen for 3 to 5 seconds-. The gate valves were opened and 
then the needle valves on the flow monitoring system were adjusted to set the 
sample gas flow rate. Sampling times were typically 1 to 2 hours. 

After sample collection was completed, the thimble holders were disconnected 
and allowed to cool before removing the loaded thimble. The condensate was 
drained and measured so that the contribution of water vapor to the total gas 
flow could be calculated. The 30-foot section of tubing between the thimble 
holder and the flow monitoring system was purged with steam and nitrogen after 
each sample to remove residual condensate from the tubing walls. This was 
added to the condensate sample. 

Figure 3 depicts the configuration of the total outlet sampling system. The 
sampling system was designed as a bypass loop from the main gas line. The 
entire gas flow was filtered using two thimble holders in parallel and then 
the gas was cooled to condense water vapor. The sample loop was isolated by 
gate valves (Vogt No. 821) upstream and downstream of the thimble holders. 
The sample loop and thimble holders were insulated and heated as described 
previously. The condensate was collected in stainless steel vessels which 
were drained before and just after each outlet sampling. The weight of the 
condensates was recorded s o  that the contribution of water vapor to the total 
gas flow could be calculated. Metal concentrations in the condensate could 
also be translated into equivalent total gas concentrations. 

318 





L F  
s g  

7 



Sample Prepara t ion  

Thimbles were hea ted  i n  an oven a t  250°F f o r  approximately 30 minutes ,  cooled 
i n  a d e s i c c a t o r ,  and weighed on an a n a l y t i c a l  ba lance  p r i o r  t o  be ing  loaded 
i n t o  a thimble holder .  A f t e r  c o l l e c t i n g  a p a r t i c u l a t e  sample, t h e  thimble 
h o l d e r s  were ex t remely  h o t  and were allowed t o  cool  f o r  approximately 30 min- 
u t e s .  The holder  w a s  t h e n  taken  a p a r t  and t h e  th imble  removed. The th imble ,  
conta in ing  t h e  p a r t i c u l a t e  sample, was p laced  i n  an oven a t  250'F f o r  approxi-  
mately 45 minutes .  A f t e r  c o o l i n g ,  t h e  th imble  was weighed a g a i n .  The d i f f e r -  
ence i n  t h e  i n i t i a l  and f i n a l  weights was taken  t o  b e  t h e  weight  of p a r t i c l e s  
on t h e  thimble.  T y p i c a l l y ,  a small  f r a c t i o n  of  t h e  p a r t i c l e s  escaped around 
t h e  edge of a th imble  whi le  i n  t h e  h o l d e r .  These p a r t i c l e s  were c o l l e c t e d  
t o g e t h e r  with t h e  condensa tes  and f i l t e r e d  o u t  us ing  Gelman M e t r i c e l ,  
47-mi l l imeter ,  O.G5-micron, Type GA-6 f i l t e r s  under vacuum. The sample was 
then  d r i e d  i n  an oven, cooled i n  a d e s i c c a t o r ,  and weighed. This  weight  was 
added t o  t h e  weight  of  p a r t i c l e s  c o l l e c t e d  on t h e  th imble  t o  y i e l d  a t o t a l  
sample weight. P o r t i o n s  of t h e  p a r t i c l e s  c o l l e c t e d  i n  t h e  th imbles  were sub- 
m i t t e d  f o r  p a r t i c l e  s ize ,  u l t i m a t e ,  and meta ls  a n a l y s e s .  P a r t i c l e s  f i l t e r e d  
from t h e  condensates  were not  used f o r  t h e  chemical  a n a l y s e s  because o f  t h e  
p o s s i b i l i t y  t h a t  l e a c h i n g  had a f f e c t e d  t h e i r  composi t ion.  P a r t i c l e  s i z e  
a n a l y s e s  were performed us ing  a Model No. T A I I  C o u l t e r  Counter .  The pH of 
t h e  condensates  was a d j u s t e d  t o  5 2 .0  by a d d i t i o n  o f  n i t r i c  a c i d ,  and s t o r e d  
i n  polye thylene  b o t t l e s .  

The s o l i d  and condensa te  samples were analyzed f o r  10 meta ls  using a Perkin-  
E l m e r  Model 5000 a tomic  a b s o r p t i o n  spec t rophotometer  and a S p e c t r a m e t r i c s ,  I n c . ,  
d i r e c t  plasma atomic emiss ion  spec t rometer .  A l i t h i u m  metaborate  f u s i o n  was 
performed on t h e  s o l i d  samples i n  order  t o  g e n e r a t e  a l i q u i d  f o r  t h e s e  ana lyses .  

Data Analysis  

A s  descr ibed  in t h e  exper imenta l  s e c t i o n ,  t h e  c o n c e n t r a t i o n s  of  t h e  metals  i n  
t h e  gas  s t ream were obta ined  by measuring t h e i r  amounts i n  t h e  p a r t i c l e s  and 
condensate  c o l l e c t e d  u t i l i z i n g  sampling devices  a t  t h e  i n l e t  and o u t l e t  of t h e  
t e s t  devices ,  and r e l a t i n g  them t o  t h e  q u a n t i t y  of  gas  which had flowed through 
t h e  devices .  In t h e  c o u r s e  of  t h e  t es t s ,  18 sets of i n l e t l o u t l e t  samples were 
taken  f o r  t h e  Westinghouse ceramic c ross - f low f i l t e r ,  23 f o r  t h e  Acurex f a b r i c  
bag f i l t e r ,  and 10 f o r  t h e  Denver Research I n s t i t u t e  e l e c t r o s t a t i c  p r e c i p i t a t o r .  

The performance of t h e  3 f i l t e r s  a r e  summarized i n  Table  1, which g i v e s  t h e  
average p a r t i c u l a t e  l o a d i n g  of  t h e  i n l e t  and o u t l e t  gas  t o g e t h e r  wi th  t h e  
c a l c u l a t e d  removal e f f i c i e n c y  and t h e  mean p a r t i c l e  d iameter .  
u l t i m a t e  a n a l y s e s  of  t h e  p a r t i c u l a t e  samples a r e  d e t a i l e d  i n  Table 2 ,  and 
Table  3 g ives  t h e  a v e r a g e  gas concent ra t ions  of  p a r t i c l e s ,  a s h ,  and 10 meta ls .  
The c a l c u l a t e d  v a l u e s  o f  removal e f f i c i e n c y  a r e  a l s o  inc luded .  

Genera l ly ,  t h e  Westinghouse f i l t e r  had t h e  h i g h e s t  p a r t i c u l a t e  removal e f f i -  
c iency  followed by t h e  Acurex and DRI  f i l t e r s .  Removal e f f i c i e n c y  tended t o  
i n c r e a s e  wi th  i n l e t  p a r t i c l e  loading .  The Westinghouse f i l t e r  tended t o  
r e s u l t  i n  a lower o u t l e t  p a r t i c l e  loading  t h a n  t h e  Acurex or D R I  f i l t e r s  
because o f  i t s  h igher  p a r t i c u l a t e  removal e f f i c i e n c y .  

S t a t i s t i c a l  a n a l y s i s  o f  t h e  d a t a  i n d i c a t e s  t h a t ,  though not  s t r o n g ,  t h e r e  i s  
a c o r r e l a t i o n  between p a r t i c u l a t e  removal e f f i c i e n c y  and each  of t h e  metal  
removal e f f i c i e n c i e s .  The meta l  removal e f f i c i e n c i e s  s i g n i f i c a n t l y  a r e  some 

The average 
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2 t o  6 percentage p o i n t s  lower,  on average ,  than  t h e  p a r t i c u l a t e  removal e f f i -  
c iency.  
t i c u l a t e  on pass ing  through t h e  f i l t e r s ,  f o r  a s i m i l a r  r e s u l t  i s  obta ined  when 
compared wi th  t h e  a s h  removal e f f i c i e n c i e s .  This  may be due t o  a h igher  meta ls  
concent ra t ion  i n  t h e  s m a l l e r  p a r t i c l e s  p a s s i n g  through t h e  f i l t e r s .  

A p a r t i c u l a r l y  i n t e r e s t i n g  r e s u l t  i s  t h a t  metal  removal e f f i c i e n c i e s  could n o t  
be  shown t o  be dependent on o p e r a t i n g  c o n d i t i o n s  which v a r i e d  i n  t h e  ranges:  
temperature  -- 800° t o  1,'600°F; p r e s s u r e  -- 140 t o  250 p s i g ;  and flow r a t e  -- 
1,300 t o  2,500 s c f h .  This  i s  e s p e c i a l l y  impor tan t  f o r  t h e  c a s e  of t h e  a l k a l i  
meta ls ,  sodium and potassium, s i n c e  it i s  specula ted  t h a t ,  a t  h i g h e r  tempera- 
t u r e s  and lower p r e s s u r e s ,  t h e s e  r e l a t i v e l y  v o l a t i l e  s p e c i e s  might p a s s  more 
r e a d i l y  through t h e  hot  g a s  f i l t e r s .  

The average measured removal e f f i c i e n c y  f o r  t h e  meta ls  v a r i e d  s l i g h t l y  among 
themselves .  This  i s  shown i n  Table  4 .  In Table 5 ,  t h e  meta l  c o n c e n t r a t i o n s  
a r e  expressed a s  t h e  average percentage  of  t h e  t o t a l  sum of t h e  t e n  meta ls  f o r  
bo th  t h e  i n l e t  and o u t l e t .  These da ta  show t h a t  t h e r e  was a n  enrichment  of Ca 
i n  the  o u t l e t  gas .  This  was most apparent  dur ing  t h e  Westinghouse t es t  dur ing  
which t h e  average Ca c o n c e n t r a t i o n  increased  from 20 p e r c e n t  of  t h e  t o t a l  of 
t h e  meta ls  a t  t h e  i n l e t  t o  28 p e r c e n t  of t h e  t o t a l  a t  t h e  o u t l e t .  The source  
of  t h i s  enrichment was b e l i e v e d  t o  be t h e  r e f r a c t o r y  l i n i n g  of t h e  p i p i n g .  
This  a s s e r t i o n  i s  suppor ted  by t h e  f a c t  t h a t  a f t e r  t h e  Westinghouse t e s t ,  t h e  
o r i g i n a l  r e f r a c t o r y  was rep laced  wi th  a new r e f r a c t o r y  t h a t  was r a t e d  f o r  a 
h igher  temperature .  Subsequent ly ,  dur ing  t h e  Acurex and DRI  tests Ca e n r i c h -  
ment of t h e  o u t l e t  gas cont inued b u t  t o  a l e s s e r  degree.  The o u t l e t  gas  was 
enr iched  i n  Mg and a l k a l i s  a s  w e l l ,  bu t  t o  a l e s s e r  degree  than  Ca. These 
metals  a r e  a l s o  components of t h e  r e f r a c t o r y .  The composi t ion of t h e  two 
r e f r a c t o r i e s  i s  shown i n  Table  6 .  

During 50 hours of  t h e  Acurex f i l t e r  t e s t ,  t h e  h o t  gas  t o  t h e  f i l t e r  was f i r s t  
d e s u l f u r i z e d  by passage through a f ixed  bed of z i n c  f e r r i t e  (8 ) .  The r e s u l t i n g  
gas  tended t o  have a lower p a r t i c u l a t e  loading  compris ing s m a l l e r  s i z e  p a r t i -  
c l e s .  No p a r t i c u l a t e  was added t o  the  gas  s t ream dur ing  t h i s  p e r i o d .  However, 
t h e  p a r t i c u l a t e  removal e f f i c i e n c y  dur ing  t h i s  p e r i o d  d i d  not  d i f f e r  s i g n i f i -  
c a n t l y  from t e s t  p e r i o d s  when raw gas was u t i l i z e d .  Nor was it found t h a t  t h e  
p a r t i c u l a t e  was enr iched  i n  z i n c ,  which might have been a consequence o f  a t t r i -  
t i o n  o r  v a p o r i z a t i o n  of t h e  z i n c  f e r r i t e  bed. The only  meta l  which showed a 
s i g n i f i c a n t  d i f f e r e n c e  i n  removal e f f i c i e n c y  d u r i n g  t h e  t es t  us ing  d e s u l f u r i z e d  
gas  was n i c k e l .  The e f f i c i e n c y  dur ing  t h e  d e s u l f u r i z a t i o n  t e s t  was lower.  

This  cannot  be accounted f o r  by g a s i f i c a t i o n  of carbon i n  t h e  par -  
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TABLE 1. CHARACTERIZATION OF PARTICLES I N  THE HOT COAL GAS STREAM 

Average Standard 
Average Average P a r t i c u l a t e  Devia t ion  Average Average 

Loading Loading E f f i c i e n c y  E f f i c i e n c y  Diameter Diameter 
(mg/ s c f )  (mg/scf)  % % (micron) (micron) 

WESTINGHOUSE 65 .91  0 .86  98 .15  1 .42  9.76” 7 . 5 0”“ 

I n l e t  O u t l e t  Removal Removal I n l e t  Mean O u t l e t  Mean 

( 1 8  samples) 

ACUREX 64.38  1 . 9 1  95.59 4.38 8 .76  7 . 0 0  
( 2 3  samples) 

DENVER RESEARCH 72 .36  5 . 0 3  93 .29  4.25 8 . 8 4  8 . 1 0  
INSTITUTE 

( 1 0  samples)  

7: I n l e t  p a r t i c u l a t e  s i z e  d a t a  a v a i l a b l e  f o r  11 samples. 

QQ O u t l e t  p a r t i c u l a t e  s i z e  d a t a  a v a i l a b l e  f o r  10 samples 

TABLE 2 .  ULTIMATE ANALYSIS OF PARTICULATE SAMPLES 

Average Weight Percent  
F i l t e r  Locat ion Ash C H N S 

ACCUREX I n l e t  34.34  60.12 0 .49  0 .51  0 .83  
O u t l e t  37.63 59 .59  0 .37  0 . 4 2  0 .69  

DR I I n l e t  39.34  55 .10  0 .38  0 .69  1 .20  
O u t l e t  38.18 56 .94  0.30 0 .69  0 .85  

WESTINGHOUSE I n l e t  34.61 58 .22  0 .53  0.88 1 .36  
O u t l e t  39.94  55.47 0 . 4 4  0 . 8 7  1 . 3 6  
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TABLE 3 .  REMOVAL OF PARTICLES AND METALS FROM HOT COAL GAS 

I 
Average I n l e t  Average Out le t  Removal 
Concentration Concentration E f f i c i e n c y  

(ppm) ( p p d  ( X I  
i 

WESTINGHOUSE P a r t i c l e s  
I 

Ash 
1 A1 

Ca 1 Cr 
cu 
F e  
K 
b3 
Na 
N i  
Zn 

ACUREX 

DRI 

P a r t i c l e s  
Ash 
A 1  
Ca 
Cr 
cu 
F e  
K 

Na 
N i  
Zn 

P a r t i c l e s  
Ash 
A1 
Ca 
Cr 
cu  
Fe 
K 
Mg 
Na 
N i  
Zn 

Mg 

2 ,365 .37  
742 .00  
105.27 
58 .93  

2 .62  
1 .40  

91 .09  
8 .85  

21 .08  
4 .62  
2 .44  
0 .84  

2 ,310 .50  
718.00  

89 .99  
48 .51  

1 . 0 8  
1 . 5 3  

76 .11  
8 .89  

18 .22  
3 .06  
0 . 6 1  
0 .60  

2 ,596 .90  
969.00  
173 .61  

46 .36  
0 .92  
0 . 7 3  

113.89  
21 .40  
15 .50  
5 .75  
3 . 5 3  
0 . 6 2  

30.87 
12 .40  

1.75 
1 . 8 9  
0 .07  
0 . 0 4  
2 .29  
0 .25  
0 . 4 6  
0 . 1 2  
0 . 0 8  
0 . 0 3  

68 .55  
23.80 

3 .09  
2 . 4 0  
0 .06  
0 . 0 4  
2 .82  
0 .47  
1 . 0 9  
0 . 2 2  
0 . 0 5  
0 . 0 4  

180.55  
57 .7  
23.59 

5 .88  
0 .10  
0 . 0 8  

12 .80  
2 .12  
2 . 4 9  
0 . 7 2  
0 .60  
0 .06  

98 .7  
9 8 . 3  
9 8 . 3  
96 .8  
9 7 . 3  
9 7 . 1  
97 .5  
9 7 . 2  
97 .8  
9 7 . 4  
96 .7  
9 6 . 4  

9 7 . 0  
96 .7  
96 .6  
9 5 . 1  
9 4 . 4  
9 7 . 4  
9 6 . 3  
94 .7  
94 .0  
92 .8  
9 1 . 8  
9 3 . 3  

93 .0  
94 .0  
86 .4  
8 7 . 3  
8 9 . 1  
8 9 . 0  
8 8 . 8  
90.1 
83.9  
87 .5  
8 3 . 0  
9 0 . 3  
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TABLE 4 

AVERAGE REMOVAL EFFICIENCIES FOR 
EACH METAL IN ORDER OF DECREASING 

EFFICIENCY 

Metal 

A1 
Fe 
Cr 
K 
cu 
Zn 
Na 
Ca 

Ni 
Mg 

~ 

Number Average 
o f  Efficiency 

Samples (%I 

50 93.89 
51 93.13 
51 93.21 
51 92.83 
51 92.37 
51 91.89 
51 91.56 
51 91.05 
51 90.92 
51 89.52 
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TABLE 5 .  AVERAGE INLET AND OUTLET PERCENT METAL COMPOSITIONS 

Average Metal Composition 
(% of  Total  of  Ten Metals) 

Metal Location Acurex DR I Westinghouse Average 

A 1  

Ca 

Cr 

cu 

Fe  

K 

Mg 

Na 

N i  

Zn 

I n l e t  
Out let  

I n l e t  
Out let  

I n l e t  
Out let  

I n l e t  
Out le t  

I n l e t  
Out let  

I n l e t  
Out le t  

I n l e t  
Out let  

I n l e t  
Out let  

I n l e t  
Out let  

I n l e t  
Out let  

35.50  
27 .73  

22 .01  
25.56 

0 .64  
0 .87  

1 . 1 4  
0 . 6 2  

27.18 
25 .43  

3 .22  
4 .12  

8.19 
10 .24  

1 .28  
4 .20  

0 .41  
0 .70  

0 . 4 4  
0 . 5 2  

46 .16  
42 .72  

12 .88  
15 .51  

0 . 2 6  
0 .47  

0 . 2 1  
0 . 6 3  

28.15 
23 .10  

5 . 1 3  
4 . 8 1  

4 .34  
8 .49  

1 . 4 9  
1 . 9 2  

1 . 2 1  
1 .95  

0 . 1 8  
0 . 4 1  

32 .30  
25 .22  

20 .02  
28 .09  

1 . 4 5  
1 . 1 5  

0 .69  
0 .57  

31 .78  
3 0 . 1 4  

3 . 0 1  
4 . 0 1  

7 .39  
7 .07  

1 . 6 9  
1 . 9 1  

1 . 3 3  
1 .35  

0 .35  
0.50 

36 .46  
29 .78  

19 .52  
24.48 

0 .85  
0 .89  

0 . 7 9  
0 .60  

28 .99  
2 6 . 6 4  

3 .52  
4 .22  

7 .15  
8 .78  

1 . 4 1  
2 . 9 4  

0 .89  
1 .18  

0 .36  
0 . 4 9  
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TABLE 6 .  PIPELINE REFRACTORY COMPOSITIONS" 

T e s t  A 1 2 0 3  % Si02 % Fez03 f Ti02 % CaO % MgO % A l k a l i s  % 

Westinghouse' 13.95 30.29 5 . 3 4  0 .14  35.39 8.81 2.92 

Acurex, D R 1 2  38.61 31.48 5 . 3 8  1.50 19.54 0.79 1 .41  

+: P l i b r i c o  Company Labora tory  Report .  
Ref rac tory  maximum tempera ture  r a t i n g  was 1,500°F. 
Ref rac tory  maximum tempera ture  r a t i n g  was 2,000°F. 

Conclusions 

Analysis  of  i n l e t  and o u t l e t  p a r t i c u l a t e  samples i n  a h o t  c o a l  gas  s t ream pass-  
ing through t h r e e  d i f f e r e n t  f i l t r a t i o n  devices  i n d i c a t e s  t h a t  10 m e t a l s ,  com- 
monly occurr ing  i n  c o a l  a s h ,  were removed from t h e  gas s t ream i n  p r o p o r t i o n  
t o  t h e  p a r t i c u l a t e  removal. This  remained t r u e  up t o  a temperature  of  1,600°F, 
even f o r  r e l a t i v e l y  v o l a t i l e  meta ls  such a s  sodium and potassium. Metal  removal 
e f f i c i e n c i e s  could n o t  be shown t o  be dependent on o p e r a t i n g  c o n d i t i o n s  f o r  
tempera tures  up t o  1,600°F, p r e s s u r e s  up t o  250 p s i g ,  and flow r a t e s  up t o  
2 ,500 s c f h .  The e f f i c i e n c y  of  removal of t h e  meta ls  was s l i g h t l y  less  than  
t h e  p a r t i c u l a t e  removal e f f i c i e n c y ,  s u g g e s t i n g  an enrichment  of t h e  meta ls  
i n  t h e  smal le r  p a r t i c l e s  escaping  through t h e  f i l t e r .  
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